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Abstract 
In November 2006 a cluster of Salmonella Typhimurium DT120 in the North East of England was 
putatively associated with the consumption of pork. At the same time cases of illness in Denmark 
were associated with this Salmonella type, and a EU alert was issued to determine the type of S. 
Typhimurium DT120 identified. Isolates from the UK and Denmark were compared on the basis of 
antib1ogram, Pulsed Field Gel Electrophoresis (PFGE) and Multi-Locus-Variable number tandem 
repeat Analysis (MLVA or VNTR) to identify the S. Typhimurium DT 120 type and results were 
compared electronically. Isolates from England had the resistance profile ApSSuT (ampicillin, 
streptomycin, sulfamethoxazole and tetracycline), VNTR profile (171-244-316-0-487) and with the 
distinct PFGE type (STYMXB.0083). Isolates from Denmark were resistant to Ap (ampicillin) only, 
had the VNTR type (171-270-324-0-490) and a PFGE type distinct from England (STYMXB.0010). 
It was therefore possible to confirm that the isolates from England and Denmark were not identical. 
These results have verified the significance of VNTR in outbreak investigations for S. Typhimurium 
and have demonstrated how new molecular strategies may be used to supplement existing 
methods such as PFGE to enable the accurate and rapid comparison of isolates from different 
countries. 
Introduction 
Salmonella Typhimurium is a common cause of food borne gastroenteritis in England and Wales 
with 1418 cases reported to the Health Protection Agency (HPA) in 2006 (HPA data). S. 
Typh1murium IS primarily a pathogen of cattle but other species including pigs, can become 
colonised and may pose a major risk factor for human infection through the handling or 
consumption of contaminated meat (Davies 2001 ). S. Typhimurium infection in pigs can be 
problematic for detection as 1t does not commonly result in clinical symptoms and such animals 
can be an important food safety problem because of the transmission route of the orgamsm 
through the food cha1n to humans. 
The current "gold standard" method of cho1ce for molecular typing of Salmonella and other food 
borne pathogens as a means for outbreak identification and source identification is Pulsed Field 
Gel Electrophoresis (PFGE)(Liebana et a/ 2002). This has good discriminatory power but can be 
labour mtensive and within certam phage types e.g. definitive phage type (DT) 104 it has been 
unable to discriminate effectively, leading to problems in outbreak investigations and tracmg of 
strains. 
The method or VNTR as described by Lindstedt et a/. (Lmdstedt et a/. 2004) explOits the repeated 
units w1th1n the S Typhimunum genome. which evolve rap1dly allowing an array or different alleles 
m different isolates Preliminary results usmg VNTR for S. Typh1munum have demonstrated 
improved discnmmation withm certa1n groups e g DT104, suggesting it may be of benefit to 
epidemtological studies (Lindstedt et a/ 2004) and be a useful tool in outbreak mvest1gallons 
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A putative outbreak was discovered in November 2006 in the North East of England where a 
cluster of S . Typhimunum of the rare phage type DT120 was identified and putat1vely assoc1ated 
w1th the consumption of pork. Interestingly at the same time, some cases of illness m Denmark 
were assoc1ated with this Salmonella type. and a EU alert was 1ssued to determ1ne the type of S 
Typh1murium DT120 1dent1fied. Our a1ms here were to mvest1gate the two outbreaks to see if they 
were linked on the basis of ant1b1ogram, PFGE and VNTR. Additionally, we compared the PFGE, 
VNTR and antibiogram results from Denmark and England to a number of add1t1onal S . 
Typhimurium DT 120 obta1ned from p1gs and other ammals m the UK. These DT120 strams had 
been ISolated before and up to November 2006, we a1med to investigate if the same PFGE and 
VNTR type had been seen m ammals prior to 1ts 1dent1ficat1on m humans. 
Materials and Methods 
PFGE 
Pulsed Field Gel Electrophoresis (PFGE) was carried out by standardised methods using the 
laboratory protocol for molecular subtyping of nontypho1dal Salmonella by PFGE (Pulsenet, 
Centres for D1sease Control and Prevention, Atlanta, Georgia). Macro restnct1on patterns were 
compared by the use of Bionumerics (version 3.5, Applied Maths, Belgium), and PFGE types were 
ass1gned based on the Salmgene PFGE naming system (Peters et al 2003). 
VNTR PCR 
The VNTR loc1 were as descnbed previously (Lindstedt et a/. 2004) and the method ut11is1ng 5 
VNTR loci su1table for accurate s1zmg on an automated capillary sequencer was used. A PCR 
react1on was set up mcorporat1ng all primers in one 251JI multiplex reaction, wh1ch compnsed, 
1 Opmol of each pnmer pair STTRS and STTR3, Spmol of each primer pair STTR9 and STTR6 and 
15pmol of each pnmer pa1r STTRS using WeiiRed oligos (Proligo, France) for the five labelled 
pnmers and standard unmodified HPSF purified oligos (MWG Biotech} for the remainder, w1th the 
Q1agen PCR multiplex k1t and 11JI DNA per react1on. Cycling conditions were as follows 95° C for 
15 mm, then 25 cycles of 94° C for 30 s, 61 °C for 90s, and 72°C for 90s With a final hold at 72°C 
for 10 min. 
Fragment Analysis 
Each PCR product (1 pi) was added to 20~11 de1omsed formamide mcluding 0.5~11 600bp s1ze 
standard per reaction, loaded onto the sequencer then denatured at 90°C for 120 seconds, w1th 
inJection time of 30 seconds at 2.0 kV and separation time of 35 min at 7 SKV Each fragment was 
Identified by peak s1ze (bp) and dye label. 
Results 
Th1rteen DT120 isolates from England had the resistance profile ApSSuT (ampiCillin, streptomycm. 
sulfamethoxazole and tetracycline), VNTR profile (171 -244-316-0-487) and with the distmct PFGE 
type (STYMXB 0083) (Fig 1 ). One isolate from Denmark was resistant to Ap (amp1c1111n) only, had 
the VNTR type (171 -270-324-0-490) and a PFGE type distinct from England (STYMXB 0010} (Fig 
2). The VNTR profiles from England and Denmark differed at two loci (STTRS and STIR6), which 
confirmed that the Isolates from England and Denmark were not Identical 
When the PFGE and VNTR results from England and Denmark were compared with other S 
Typhimunum DT 120 an1mal isolates, one 1solate from a p1g matched the Denmark PFGE profile. 
however the VNTR profile differed at two loc1 (STIRS and STTR3) No 1solates from the UK 
outbreak were found to match the PFGE or VNTR profiles of the animal1solates (Table1 ) However 
mvest1gat1on by VNTR locus revealed a number of simllant1es 1n all the DT120 isolates tested, all 
had similar s1zed fragments at the STTR9 loc1 (withm the range 172-173bp) and the majonty of 
isolates were mlssmg the locus STTR10 (plasmid located) 
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Discussion 
By usmg two different molecular typing methods we were able to confirm that the increases in the 
rare phage type DT120 in England and Denmark were unrelated. However we were able to prove 
the ut1hty of VNTR for identifymg outbreak ISolates and demonstrate that it can be used as a 
complementary method to PFGE. In order to trace the source of an outbreak obtained from a food 
source such as pork it would be expected that the same S. Typhimurium would be found in the 
animal populat1on six months or more prior to the cases in the human population. The S . 
Typhimurium DT120 type was found in the an1mal population tested and a number of similar alleles 
were present m all the Isolates, th1s suggest1ng that alleles of th1s size may be specific to DT120 
1solates. Further mvestigation would be needed to confirm the source of the UK outbreak, either 
the DT120 d1d not come from a porcine source or that it was not detected in the lim1ted sample set 
tested. 
These results have venfied the significance of us1ng VNTR m outbreak mvestigations for S . 
Typh1munum and have demonstrated how new molecular strateg1es may be used to supplement 
ex1stmg methods such as PFGE to enable the accurate and rap1d companson of Isolates 
electronically between different countries. VNTR has potential advantages over existing molecular 
typ1ng schemes including a h1gh degree of stra1n discrimination, good strain coverage and rapidity. 
The extension of VNTR methods to other Salmonella serotypes would contribute significantly to 
outbreak Investigation for Salmonella. 
F1gure 1 
Isolates from England 
Lanes 1, 9 & 17 standard 
Lanes 3-8 and 10-15 DT120 
isolates 
Figure 2 
Isolates from Denmark 
Lanes 1 & 4 standard 
Lanes 2 & 3 DT120 
isolates 
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Table 1 Human outbreak isolates from the UK and Denmark showing antibiogram, PFGE and VNTR type 
tshaded boxes indicated the similar strain type obtained from Denmark. and a UK pig isolate) 
PFGE 
Species Antibiogram Country TYPE STTR9 STIRS STTRG STTR10 STTR3 
human ,ApSSuT UK STYMXB.0083 172 244 316 0 486 
human ~pSSuT UK STYMXB.0083 172 241 317 0 486 
human ~pSSuT UK STYMXB 0083 172 244 321 0 485 
human ~pSSuT UK STYMXB 0083 171 245 0 0 485 
human ~pSSuT UK STYMXB 0083 171 244 315 0 485 
human ~pSSuT UK STYMXB0083 171 244 316 0 484 
human ApSSuT UK STYMXB0083 172 244 316 0 488 
human ~pSSuT UK STYMXB0083 171 244 315 0 4a5 
human ApSSuT UK STYMXB0083 172 244 316 0 488 
human ~i>SSuT UK STYMXB0083 171 244 315 0 486 
human ~pSSuT UK STYMXB.0083 172 244 316 0 487 
human ~pSSuT UK STYMXB 0083 172 244 315 0 487 
human ~pSSuT UK STYMXB0083 172 244 339 0 4a7 
human lAP Denmark STYMXB.0010 171 270 324 0 490 
cattle N/A UK STYMXB 0061 150 199 302 366 0 
cattle N/A UK STYMXB0061 172 258 341 407 513 
cat lie T,AM,C.S SU UK STYMXB 0061 171 268 346 457 461 
pig ~.AM .S,SU UK STYMXB 0287 172 258 312 0 489 
cattle IT.AM,C,S su UK STYMXB 0291 172 264 353 457 461 
pig ~.AM ,S,SU UK STYMXB 0061 172 258 312 0 488 
'pig ~.AM ,SSU UK STYMXB 0287 173 258 31 0 0 
jllg ~.AM ,SSU UK STYMXB 0287 172 258 311 0 487 
cattle N/A UK STYMXB0061 172 269 353 0 462 
I pig AMC,S SU UK STYMXB0058 173 270 347 0 514 
lplg T, AM C,S,SU UK STYMXB0292 173 270 347 0 514 
I pig , AMC.SSU UK STYMXB.0058 173 270 347 0 514 
turkey NA T,AMC S,SU UK STYMXB0298 173 276 341 420 515 
dog T.AM,S SU UK STYMXB 0061 173 246 324 0 487 
lplg TAMSSU UK STYMXB.0010 173 246 324 0 48S 
lplg T,AM S SU UK STYMXB0287 171 258 311 0 488 
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